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PLACING FIBER OPTIC SENSOR LINE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Embodiments of the present invention generally relate to a wellbore 
completion. More particularly, the invention relates to placing sensors in a wellbore. 
Still more particularly, the invention relates to placing fiber optic sensor line in a 
wellbore. 

Description of the Related Art 

[0002] During the past 10 years decline rates have doubled while at the same 
time, reservoirs are becoming more complex. Consequently, the aggressive 
development and installation of new technologies have become essential, such as 
intelligent well technology. Since downhole measurements play a critical role in the 
management of oil and gas reservoirs, intelligent well technology has come to the 
forefront. But like many new technologies, successful and reliable development of 
intelligent well techniques has been a challenge to design. 

[0003] Prior to the introduction of permanently deployed in-well reservoir- 
monitoring systems, the only viable method to obtain downhole information was 
through the use of intervention-based logging techniques. Interventions would be 
conducted periodically to measure a variety of parameters, including pressure, 
temperature and flow. Although well logs provide valuable information, an inherently 
costly and risky well-intervention operation is required. As a result, wells were 
typically logged infrequently. The lack of timely data often compromised the ability 
of the operator to optimize production. 

[0004] A new down-hole technology to better monitor and control production 
without intervention would represent a significant value to the industry. However, 
the challenge was to develop a cost-effective and reliable solution to integrate 
permanent-monitoring systems with flow control systems to deliver intelligent wells. 
Using a permanent monitoring system, intelligent wells have the capability to obtain 
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a wide variety of measurements that make it easier to characterize oil and gas 
reservoirs. These measurements are designed to locate and track fluid fronts within 
the reservoir and for seismic interrogation of the rock strata within the reservoir. 
Additionally, intelligent completion systems are being developed to determine the 
types of fluids being produced prior to and after completion. Using permanent 
remote sensing and fiber optics, an analyzer can monitor the well's performance and 
production abnormalities can be detected earlier in the life cycle of the well, which 
can be corrected before becoming a major problem. 

[0005] One challenge facing the progress of intelligent completion systems is the 
development of an efficient and a cost effective method of deploying fiber optic line 
in the wellbore. In the past several years, various deployment techniques have 
been developed. For example, a method for installing fiber optic line in a well is 
disclosed in U.S. Patent No. 5,804,713. In this deployment technique, a conduit is 
wrapped around a string of production tubing prior to placing into the well. The 
conduit includes at least one sensor location defined by a turn in the conduit. After 
the string of production tubing is placed in the well, a pump is connected to an upper 
end of the conduit to provide a fluid to facilitate the placement of the fiber optic line 
in the conduit. Thereafter, the fiber optic line is introduced into the conduit and 
subsequently pumped through the conduit until it reaches the at least one sensor 
location. Using this technique for deploying fiber optic line in the wellbore presents 
various drawbacks. For example, a low viscosity fluid must be maintained at 
particular flow rate in order to locate the fiber optic line at a specific sensor location. 
In another example, a load is created on the fiber optic line as it is pumped through 
the conduit, thereby resulting in possible damage of the fiber optic line, 

[0006] Another deployment technique for inserting a fiber optic line in a duct is 
disclosed in U.S. Patent No. 6,116,578. In this deployment technique, a source of 
fiber optic line is positioned adjacent the wellbore having a pressure housing 
apparatus at the surface thereof. Thereafter, the fiber optic line is inserted through 
the pressure housing apparatus and subsequently into a tube by means of an 
expandable polymer foam mixture under pressure. As the polymer foam mixture 
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expands, the foam adheres to the surface of the fiber optic line creating a viscous 
drag against the fiber optic line in the direction of pressure flow. The fiber optic line 
is subsequently urged through the duct to a predeternnined location in the wellbore. 
Using this technique for deploying fiber optic line in the wellbore presents various 
drawbacks. For example, additional complex equipment, such as the pressure 
housing apparatus, is required to place the fiber optic line into the wellbore. In 
another example, the foam coating on the fiber optic line may not adequately protect 
the fiber optic line from mechanical forces generated during deployment into the 
duct, thereby resulting in possible damage of the fiber optic line. Furthermore, this 
deployment technique is complex and expensive. 

[0007] A need therefore exists for a cost effective method of placing a fiber optic 
line in a wellbore. There is a further need for a method that protects the fiber optic 
line from damage during the deployment operation. Furthermore, there is a need for 
a method of placing a fiber optic fine in a wellbore that does not depend on a specific 
flow rate or a specific viscosity fluid. 

SUMMARY OF THE INVENTION 

[0008] The present invention generally relates to a method and an apparatus for 
placing fiber optic sensor line in a wellbore. In one aspect, a method for placing a 
line in a wellbore is provided. The method includes providing a tubular in the 
wellbore, the tubular having a first conduit operatively attached thereto, whereby the 
first conduit extends substantially the entire length of the tubular. The method 
further includes aligning the first conduit with a second conduit operatively attached 
to a downhole component and forming a hydraulic connection between the first 
conduit and the second conduit thereby completing a passageway therethrough. 
Additionally, the method includes urging the line through the passageway. 

[0009] In another aspect, a method for placing a sensor line in a wellbore is 
provided. The method includes placing a tubular in the wellbore, the tubular having 
a first conduit operatively attached thereto, whereby the first conduit extends 
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substantially the entire length of the tubular. The method further includes pushing a 
fiber in metal tubing through the first conduit. 

[0010] In yet another aspect, an assembly for an intelligent well is provided. The 
assembly includes a tubular having a first conduit operatively attached thereto and a 
fiber in metal tubing deployable in the first conduit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] So that the manner in which the above recited features of the present 
invention can be understood in detail, a more particular description of the invention, 
briefly summarized above, may be had by reference to embodiments, some of which 
are illustrated in the appended drawings. It is to be noted, however, that the 
appended drawings illustrate only typical embodiments of this invention and are 
therefore not to be considered limiting of its scope for the invention may admit to 
other equally effective embodiments. 

[0012] Figure 1 is a cross-sectional view illustrating a wellbore with a gravel pack 
disposed at a lower end thereof. 

[0013] Figure 2 is a cross-sectional view illustrating a lower control line 
operatively attached to a screen tubular. 

[0014] Figure 3 is a cross-sectional view illustrating a string of production tubing 
disposed in the wellbore. 

[0015] Figure 4 is an enlarged view illustrating a hydraulic connection between 
an upper control line and the lower control line. 

[0016] Figure 5 is an isometric view illustrating a sensor line for use with the 
present invention. 

[0017] Figure 6 is a cross-sectional view illustrating the sensor line mechanically 
disposed in a passageway. 
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[0018] Figure 7 is a cross-sectional view illustrating the sensor line hydraulically 
disposed in the passageway. 

[0019] Figure 8 is a cross-sectional view illustrating the sensor line connected to 
a data collection box. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0020] Embodiments of the present invention generally provide a method and an 
apparatus for placement of a sensor arrangement in a well, such as fiber optic 
sensor, to monitor various characteristics of the well. For ease of explanation, the 
invention will be described generally in relation to a cased vertical wellbore with a 
sand screen and a gravel pack disposed at the lower end thereof. It is to be 
understood, however, that the invention may be employed in a wellbore without 
either a sand screen or a gravel pack. Furthermore, the invention may be employed 
in a horizontal wellbore or a diverging wellbore. 

[0021] Figure 1 is a cross-sectional view illustrating a wellbore 100 with a gravel 
pack 150 disposed at a lower end thereof. As depicted, the wellbore 100 is lined 
with a string of casing 105. The casing 105 provides support to the wellbore 100 
and facilitates the isolation of certain areas of the wellbore 100 adjacent 
hydrocarbon bearing formations. The casing 105 typically extends down the 
wellbore 100 from the surface of the well to a designated depth. An annular area is 
thus defined between the outside of the casing 105 and the earth formation. This 
annular area is filled with cement to permanently set the casing 105 in the wellbore 
100 and to facilitate the isolation of production zones and fluids at different depths 
within the wellbore 100. It should be noted, however, the present invention may also 
be employed in an uncased wellbore, which is referred to as an open hole 
completion. 

[0022] As illustrated, the gravel pack 150 is disposed at the lower end of the 
casing 105. The gravel pack 150 provides a means of controlling sand production. 
Preferably, the gravel pack 150 includes a large amount of gravel 155 (i.e., "sand") 
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placed around the exterior of a slotted, perforated, or other type liner or screen 
tubular 160. Typically, the screen tubular 160 is attached to a lower end of the 
casing 105 by a packer arrangement 165. The gravel 155 serves as a filter to help 
assure that formation fines and sand do not migrate with the produced fluids into the 
screen tubular 160. 

[0023] During a typical gravel pack completion operation, a tool (not shown) 
disposed at a lower end of a work or production tubing string (not shown) places the 
screen tubular 160 and the packer arrangement 165 in the wellbore 100. Generally, 
the tool includes a production packer and a cross-over. Thereafter, gravel 155 is 
mixed with a carrier fluid to form a slurry and then pumped down the tubing through 
the cross-over into an annulus formed between the screen tubular 160 and the 
wellbore 100. Subsequently, the carrier fluid in the slurry leaks off into the formation 
and/or through the screen tubular 160 while the gravel 155 remains in the annulus. 
As a result, the gravel 155 is deposited in the annulus around the screen tubular 160 
where it forms the gravel pack 150. 

[0024] In the embodiment illustrated in Figure 1, a lower control line 175 is 
operatively attached to an outer surface of the screen tubular 160 by a connection 
means well-known in the art, such as clips, straps, or restraining members prior to 
deployment into the wellbore 100. Generally, the lower control line 175 is tubular 
that is constructed and arranged to accommodate a sensor line (not shown) therein 
and extends substantially the entire outer length of the screen tubular 160. In an 
alternative embodiment, the lower control line 175 may be operatively attached to an 
interior surface of the screen tubular 160. In this embodiment, the lower control line 
175 is substantially protected during deployment and placement of the screen 
tubular 160. In either case, the lower control line 175 includes a conduit end 180 at 
an upper end thereof and a check valve 240 disposed at a lower end thereof. 

[0025] Figure 2 is a cross-sectional view illustrating the lower control line 175 
operatively attached to the screen tubular 160. As shown, the lower control line 175 
is disposed adjacent the screen tubular 160. The lower control line 175 may be 
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secured to the screen tubular by a connection means known in the art, such as clips, 
straps, or restraining meoibers. 

[0026] Figure 3 is a cross-sectional view illustrating a string of production tubing 
185 disposed in the wellbore 100. Prior to disposing the production tubing 185 into 
the wellbore 100, a upper control line 190 is operatively attached to a outer surface 
thereof by a connection means well-known in the art, such as clips, straps, or 
restraining members. Similar to lower control line 175, the upper control line 190 is 
constructed and arranged to accommodate a sensor line (not shown) therein. 
Typically, the upper control line 190 extends substantially the entire outer length of 
the production tubing 185. In an alternative embodiment, the upper control line 190 
may be disposed to an interior surface of the production tubing 185. In this 
embodiment, the upper control line 190 is substantially protected during deployment 
and placement of the production tubing 185. In either case, the upper control line 
190 includes a hydraulic connect end 195 that mates with the upper conduit end 180 
on the lower control line 175. 

[0027] As the production tubing 185 is lowered into the wellbore 100, it is 
orientated by a means well-known in the art to substantially align the upper control 
line 190 with the lower control line 175. For example, the production tubing 185 may 
include an orientation member (not shown) located proximal the lower end thereof 
and the screen tubular 160 may include a seat (not shown) disposed at an upper 
end thereof. The seat includes edges that slope downward toward a keyway (not 
shown) formed in the seat. The keyway is constructed and arranged to receive the 
orientation member on the production tubing 1 85. As the production tubing 1 85 is 
lowered, the orientation member contacts the sloped edges on the seat and is 
guided into the keyway, thereby rotationally orientating the production tubing 185 
relative to the screen tubular 160. 

[0028] Preferably, the production tubing 185 is lowered until the hydraulic 
connect end 195 substantially contacts the upper conduit end 180. At this time, the 
connection between the upper control line 190 and the lower control line 175 creates 
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a passageway 210 that extends from the surface of the wellbore 100 to the lower 
end of the screen tubular 160. Prior to inserting a sensor therein, the passageway 
210 is cleaned by pumping fluid therethrough to remove any sand or other 
accumulated wellbore material. After the passageway 210 is cleaned, the check 
valve 240 prevents further material from accumulating in the passageway 210 from 
the lower end of the wellbore 100. Alternatively, a u-tube arrangement (not shown) 
could be employed in place of the check valve 240 to prevent further material from 
accumulating in the passageway 210. 

[0029] Figure 4 is an enlarged view illustrating the hydraulic connection between 
the upper control line 190 and the lower control line 175. As shown, the hydraulic 
connect end 195 has been aligned with the upper conduit end 180. As further 
shown, a plurality of seals 205 in the hydraulic connect end 195 contact the conduit 
end 180 to create a fluid tight seal therebetween. 

[0030] Figure 5 is an isometric view Illustrating a sensor line 200 for use with the 
present invention. Preferably, the sensor line 200 consists of a fiber in metal tube 
("FIMT'), which includes a plurality of optical fibers 215 encased in a metal tube 220, 
such as steel or aluminum tube. The metal tube 220 is constructed and arranged to 
protect the fibers 215 from a harmful wellbore environment that may include a high 
concentration of hydrogen, water, or other corrosive wellbore fluid. Additionally, the 
metal tube 220 protects the fibers 215 from mechanical forces generated during the 
deployment of the sensor line 200, which could damage the fibers 215. Preferably, 
a gel (not shown) is inserted into the metal tube 220 along with the fibers 21 5 for 
additional protection from humidity, and to protect the fibers 215 from the attack of 
hydrogen that may darken the fibers 215 causing a decrease in optical performance. 
In an alternative embodiment, the sensor line 200 consists of a plurality of optical 
fibers 215 encased in a protective polymer sheath (not shown), such as Teflon, 
Ryton, or PEEK. In this embodiment, the protective sheath may include an integral 
cup-shaped contours molded into the sheath to facilitate pumping the sensor line 
200 down the control lines 190, 175. In some embodiments, the sensor line 200 
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may include electrical lines, hydraulic lines, fiber optic lines, or a combination 
thereof. 

[0031] Figure 6 is a cross-sectional view illustrating the sensor line 200 
mechanically disposed in the passageway 210. Preferably, the sensor line 200 is 
placed at the surface of the wellbore 100 on a roll for ease of transport and to 
facilitate the placement of the sensor line 200 into the wellbore 100. Thereafter, a 
leading edge of the sensor line 200 is introduced into the passageway 210 at the top 
of the upper control line 190. Then, the sensor line 200 is urged by a mechanical 
force through the entire passageway 210 consisting of the upper control line 190, 
hydraulic connect 195, and the lower control line 175. Preferably, the mechanical 
force is generated by a gripping mechanism (not shown) or by another means well- 
known In the art that physically pushes the sensor line 200 through the passageway 
210 until the leading edge of the sensor line 200 reaches a predetermined location 
proximate the check valve 240. Typically, an increase in pressure in the 
passageway 210 indicates that the leading edge has reached the predetermined 
location. Alternatively, the length of sensor line 200 inserted in the passageway 210 
is monitored and compared to the relative length of the passageway 210 to provide 
a visual indicator that the leading edge has reached the predetermined location. 

[0032] Figure 7 is a cross-sectional view illustrating the sensor line 200 
hydraulically disposed in the passageway 210. In this embodiment, a plurality of 
flow cups 230 are operatively attached to the sensor line 200 prior to inserting the 
leading edge into the passageway 210. The plurality of flow cups 230 are 
constructed and arranged to facilitate the movement of the sensor line 200 through 
the passageway 210. Typically, the flow cups 230 are fabricated from a flexible 
watertight material, such as elastomer. The flow cups 230 are spaced on the sensor 
line 200 in such a manner to increase the hydraulic deployment force created by a 
fluid that is pumped through the passageway 210. 

[00331 Typically, a fluid pump 225 is disposed at the surface of the wellbore 1 00 
to pump fluid through the passageway 210. Preferably, the fluid pump 225 is 
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connected to the top of the passageway 210 by a connection hose 245. After the 
sensor line 200 and the flow cups 230 are introduced into the top of the passageway 
210, the fluid pump 225 urges fluid through the connection hose 245 into the 
passageway 210. As the fluid contacts the flow cups 230, a hydraulic force is 
created to urge the sensor line 200 through the passageway 210. Preferably, the 
fluid pump 225 continues to introduce fluid into the passageway 210 until the leading 
edge of the sensor line 200 reaches the predetermined location proximate the check 
valve 240. Thereafter, the fluid flow is stopped and the hose 245 is disconnected 
from the passageway 210. 

[0034] Figure 8 is a cross-sectional view illustrating the sensor line 200 
connected to a data collection box 235. Generally, the data collection box 235 
collects data measured by the sensor line 200 at various locations in the wellbore 
100. Such data may include temperature, seismic, pressure, and flow 
measurements. In one embodiment, the sensor line 200 is used for distributed 
temperature sensing ("DTS"), whereby the data collection box 235 compiles 
temperature measurements at specific locations along the length of the sensor line 
200. More specifically, DTS is a technique that measures the temperature 
distribution along the plurality of optical fibers 215. 

[0035] Generally, a measurement is taken along the optical fiber 215 by 
launching a short pulse from a laser into the fiber 215. As the pulse propagates 
along the fiber 215 it will be attenuated or weakened by absorption and scattering. 
The scattered light will be sent out in all directions and some will be scattered 
backward within the fiber's core and this radiation will propagate back to a 
transmitter end where it can be detected. The scattered light has several spectral 
components most of which consists of Rayleigh scattered light that is often used for 
optical fiber attenuation measurements. The wavelength of Rayleigh light is the 
same as for the launched laser light. 

[0036] DTS uses a process where light is scattered at a slightly different 
wavelength than the launched wavelength. The process is referred to as Raman 
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scattering which is temperature dependent. Generally, a time delay between the 
launch of the short pulse from the laser into the fiber 215 and its subsequent retum 
indicates the location from which the scatter signal is coming. By measuring the 
strength of the Raman scattered signal as a function of the time delay, it is possible 
to determine the temperature at any point along the fiber 215. In other words, the 
measurement of the Raman scattered signal relative to the time delay indicates the 
temperature along the length of the sensor line 200. 

[0037] In another embodiment, the sensor line 200 may include fiber optic 
sensors (not shown) which utilize strain sensitive Bragg grating (not shown) formed 
in a core of one or more optical fibers 215. The fiber optic sensors may be 
combination pressure and temperature (P/T) sensors, similar to those described in 
detail in commonly-owned U.S. Patent No. 5,892,860, entitled "Multi-Parameter 
Fiber Optic Sensor For Use In Harsh Environments", issued Apr. 6, 1999 and 
incorporated herein by reference. Further, for some embodiments, the sensor line 
200 may utilize a fiber optic differential pressure sensor (not shown), velocity sensor 
(not shown) or speed of sound sensor (not shown) similar to those described in 
commonly-owned U.S. Patent No. 6,354,147, entitled "Fluid Parameter 
Measurement In Pipes Using Acoustic Pressures", issued Mar. 12, 2002 and 
incorporated herein by reference. Bragg grating-based sensors are suitable for use 
in very hostile and remote environments, such as found downhole in wellbores. 

[0038] In operation, a tubular is placed in a wellbore. The tubular having a first 
conduit operatively attached thereto, whereby the first conduit extends substantially 
the entire length of the tubular. Thereafter, the first conduit is aligned with a second 
conduit operatively attached to a downhole component, such as a sand screen. 
Next the first conduit and the second conduit are attached to form a hydraulic 
connection therebetween and thus creating a passageway therethrough. 
Subsequently, a sensor line, such as a fiber in metal tube, is urged through the 
passageway. 
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[0039] While the foregoing is directed to embodiments of the present invention, 
other and further embodiments of the invention may be devised without departing 
from the basic scope thereof, and the scope thereof is determined by the claims that 
follow. 
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